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PROBLEM TO BE SOLVED: To improve efficiency of 
light-emission by making a surface on which a light- 
transmitting electrode is formed a main-light-taking-out 
surface side. 

SOLUTION: A board 1 is overlaid with a buffer layer 2, g tf 10 

an n-type contact layer 3, a light-emitting layer 4, a p- J 
type clad layer 5 and a p-type contact layer 6, which are * 
comprised of gallium nitride compound semiconductor, in K 
this order, and further the p-type contact layer 6 is 4 
overlaid with a light- transmitting electrode 7, and the 3 
light-transmitting electrode 7 is overlaid with a p-side 2 
electrode 8, and the n-type contact layer 3 with an n- 
side electrode 9, in this way a gallium nitride compound i 
semiconductor light-emitting element is constituted. In 
this element, a plurality of recessed parts 1 1 are formed 
on the p-type contact layer 6 depressed from the light- 
transmitting electrode 7 side. Thereby the light that is 
emitted from the light-emitting layer 4 and propagated in 
a lateral direction in the light-emitting element is easy to 

take out from the recessed part 1 1 to the outside of the light-emitting element, and efficiency 
of light-emission is improved on the whole. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A gallium nitride system compound semiconductor light emitting device which the 
laminating of the first conductivity-type contact layer, a luminous layer, and the second 
conductivity-type contact layer which consist of a gallium nitride system compound 
semiconductor is carried out, and is a gallium nitride system compound semiconductor light 
emitting device by which a light transmission nature electrode is further formed on said second 
conductivity-type contact layer, and is characterized by forming two or more crevices which 
become depressed from said light transmission nature electrode side in said second 
conductivity-type contact layer. 

[Claim 2] Said crevice is a gallium nitride system compound semiconductor light emitting device 
according to claim 1 characterized by being formed by Fukashi who reaches said luminous layer. 
[Claim 3] A gallium nitride system compound semiconductor light emitting device according to 
claim 1 or 2 to which an inside of said crevice is characterized by being covered with an 
insulating film. r 

[Claim 4] A manufacture method of a gallium nitride system compound semiconductor light 
emitting device characterized by providing the following A production process into which the first 
conductivity-type contact layer and a luminous layer which consist of a gallium nitride system 
compound semiconductor, and the second conductivity-type contact layer are grown up A 
production process which forms a light transmission nature electrode on said second 
conductivity-type contact layer A production process which forms a mask in which a pattern 
which has a opening for forming a crevice which becomes depressed from said light transmission 
nature electrode side in said second conductivity-type contact layer was formed, on said light 
transmission nature electrode A production process which etches to the depth which reaches 
said luminous layer from said second conductivity-type contact layer side using said mask 
[Claim 5] The production process which performs said etching is the manufacture method of the 
gallium-nitride system compound semiconductor light emitting device characterized by to carry 
out at the same production process as the production process at which the surface of said first 
conductivity-type contact layer exposes including the production process which forms the mask 
characterized by to provide the following formed a pattern, on said light-transmission nature 
electrode, and the production process which etch to the depth which reaches said luminous 
layer from said second conductivity-type contact layer side using said mask. A production 
process into which the first conductivity-type contact layer and a luminous layer which consist 
of a gallium nitride system compound semiconductor, and the second conductivity-type contact 
layer are grown up A production process at which the surface of said first conductivity-type 
contact layer is exposed A production process which is the manufacture method of a gallium 
nitride system compound semiconductor light emitting device including a production process 
which forms an electrode on this exposed first conductivity-type contact layer, and forms a light 
transmission nature electrode on said second conductivity-type contact layer further A opening 
for forming a crevice which becomes depressed from said light transmission nature electrode 
side in said second conductivity-type contact layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the gallium nitride 
system compound semiconductor light emitting device used for optical devices, such as a light 
emitting diode, and its manufacture method. 
[0002] 

[Description of the Prior Art] The gallium nitride system compound semiconductor is used 
abundantly as a semiconductor material for a light luminescence device or elevated-temperature 
actuation electron devices, and blue, utilization in the field of green light emitting diode, and 
expansion in the field of the laser diode of a purple-blue color are progressing. 
[0003] In manufacture of the light emitting device using this gallium nitride system compound 
semiconductor, it is in use in these days to grow up a gallium nitride system semiconductor thin 
film crystal by metal-organic chemical vappr deposition. This method in the coil which installed 
the substrate which consists of sapphire as a gallium nitride system semiconductor, SiC, GaN, 
etc. As material gas of 3 group element, organometallic compound gas (trimethylgallium ("TMG" 
is called hereafter), trimethylaluminum ("TMA" is called hereafter), trimethylindium ("TMI" is 
called hereafter), etc.), Ammonia, a hydrazine, etc. are supplied as material gas of 5 group 
element, substrate temperature is held at an about 700 degrees C - 1 100 degrees C elevated 
temperature, n type layer, a luminous layer, and p type layer are grown up on a substrate, and 
laminating formation of these is carried out. At the time of growth of n type layer, it considers as 
n mold impurity material gas, and bis(cyclopentadienyl) magnesium (Cp2Mg) etc. grows up a 
mono silane (SiH4), germane (GeH4), etc. into the material gas and coincidence of 3 group 
element with a sink as p mold impurity material gas at the time of growth of p type layer. 
[0004] A light emitting device can be obtained by forming n lateral electrode and p lateral 
electrode in the surface of n type layer, and the surface of p type layer after this growth 
formation, respectively, and dissociating in the shape of a chip. And it is made to complete as 
light emitting diode by fixing these light emitting devices to a leadframe etc., and finally closing 
with an epoxy resin etc. 

[0005] In the latest gallium nitride system compound semiconductor light emitting device On the 
surface of n type layer which removed a part of p type layer, luminous layer, and n type layer 
from the surface of p type layer by etching, and was exposed, n lateral electrode The element 
structure which forms in the surface of p type layer the light transmission nature electrode of 
closing in which is the degree which can penetrate the light from a luminous layer as a p lateral 
electrode, respectively, and makes this light transmission nature electrode side the main light 
ejection side side is in use. Element size can be made small while according to such a 
configuration it can also set when preparing p lateral electrode and n lateral electrode in the 
same side side of an element, and being able to prevent the short circuit between p lateral 
electrode and n lateral electrode. 

[0006] However, in the element structure to which the laminating of the gallium nitride system 
compound semiconductor was carried out, there are the following problems on silicon on 
sapphire as mentioned above. That is, there is a problem that the multiple echo of the 
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luminescence of a gallium nitride system compound semiconductor is carried out to the 
difference in the refractive index of the substrate for crystal growth and a gallium nitride system 
compound semiconductor and a gallium nitride system compound semiconductor light emitting 
device by those interfaces by the difference in a refractive index with the resin which closes it, 
and it cannot interfere, or the reflected light is absorbed inside a gallium nitride system 
compound semiconductor, and cannot take out luminescence outside efficiently. 
[0007] The gallium nitride system compound semiconductor light emitting device characterized 
by making the surface of the maximum upper layer of said gallium nitride system compound 
semiconductor into a non-mirror plane in JP, 6-291 368,A as what solves such a problem in the 
light emitting device which comes to carry out the laminating of the gallium nitride system 
compound semiconductor on silicon on sapphire is proposed. Since the light reflected by the 
interface of silicon on sapphire and a gallium nitride system compound semiconductor layer is 
scattered about in the maximum upper layer made into the non-mirror plane according to this 
light emitting device, the multiple echo inside a gallium nitride system compound semiconductor 
is controlled, interference of light decreases and it is supposed that luminous efficiency will 
improve. 
[0008] 

[Problem(s) to be Solved by the Invention] However, there are the following problems also in the 
configuration which makes the maximum upper layer of a gallium nitride system compound 
semiconductor a non-mirror plane as mentioned above. Namely, although the light transmission 
nature electrode of closing in to the degree which makes the light from a luminous layer 
penetrate will be formed on this maximum upper layer when making this maximum upper layer 
side into the main light ejection side side of a light emitting device It cannot become very 
difficult to form an electrode ultra-thin in the maximum upper layer of a non-mirror plane in 
thickness homogeneity, and it cannot supply current to a gallium nitride system compound 
semiconductor from the electrode concerned at homogeneity, but has the problem of becoming 
the cause of reducing luminous efficiency on the contrary. 

[0009] The technical problem which should be solved in this invention is offering the gallium 
nitride system compound semiconductor light emitting device which made the field the light 
transmission nature electrode's having been formed the main light ejection side side, and raised 
luminous efficiency, and its manufacture method. 
[0010] 

[Means for Solving the Problem] A gallium nitride system compound semiconductor light emitting 
device of this invention is characterized by forming two or more crevices which become 
depressed from a light transmission nature electrode side in a contact layer in which a light 
transmission nature electrode is formed. 

[001 1] According to such a configuration, it is emitted from a luminous layer and, as for the 
exterior of a light emitting device, light which spreads the interior of a light emitting device in the 
direction (longitudinal direction) parallel to a contact layer becomes is easy to be taken out from 
a crevice. That is, ejection effectiveness of light from a luminous layer is improved, and it 
becomes possible to raise luminous efficiency as a whole. 

[0012] Moreover, a manufacture method of a gallium nitride system compound semiconductor 
light emitting device of this invention is characterized by performing formation of a crevice at 
the same production process as a production process of etching for exposing the first 
conductivity-type contact layer. 

[0013] Since crevice formation can be performed simple according to such a manufacture 
method, without newly adding a production process for crevice formation, a manufacture method 
of a gallium nitride system compound semiconductor light emitting device which can raise 
luminous efficiency only by minute production process modification called modification of a mask 
pattern can be offered. 
[0014] 

[Embodiment of the Invention] The laminating of the first conductivity-type contact layer, 
luminous layer, and the second conductivity-type contact layer which consist of a gallium nitride 
system compound semiconductor is carried out, and invention according to claim 1 is a gallium 
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nitride system compound semiconductor light emitting device by which a light transmission 
nature electrode is further formed on said second conductivity-type contact layer, and is taken 
as the gallium nitride system compound semiconductor light emitting device characterized by 
forming two or more crevices which become depressed from said light transmission nature 
electrode side in said second conductivity-type contact layer. Thereby, it is emitted from a 
luminous layer and the light which spreads the interior of a light emitting device in a longitudinal 
direction becomes that it is easy to be taken out from a crevice in the light emitting device 
exterior. That is, the ejection effectiveness of the light to the light emitting device exterior is 
improvable. 

[0015] Invention according to claim 2 uses said crevice as the gallium nitride system compound 
semiconductor light emitting device according to claim 1 characterized by being formed by 
Fukashi who reaches said luminous layer. Since this is easy to spread the light of the light 
emitting device made into double hetero structure focusing on a luminous layer with a 
comparatively small refractive index, light can be taken out more efficiently than the crevice 
formed to the depth which reaches the luminous layer, and the ejection effectiveness of the light 
to the light emitting device exterior can be raised more. 

[0016] Invention according to claim 3 is taken as the gallium nitride system compound 
semiconductor light emitting device according to claim 1 or 2 to which the inside of said crevice 
is characterized by being covered with an insulating film. By minding such an insulating film, the 
difference between the refractive index of a nitride gallium system compound semiconductor and 
a refractive index with the resin which closes this can be eased, and the optical ejection 
effectiveness to the light emitting device exterior can be raised further. Moreover, when the 
crevice is formed over the second conductivity-type contact layer from the first conductivity- 
type contact layer, these short circuits can be prevented. 

[0017] The production process into which the first conductivity-type contact layer and luminous 
layer which invention according to claim 4 becomes from a gallium nitride system compound 
semiconductor, and the second conductivity-type contact layer are grown up, The production 
process which forms the mask in which the pattern which has a opening for forming the 
production process which forms a light transmission nature electrode on said second 
conductivity-type contact layer, and the crevice which becomes depressed from said light 
transmission nature electrode side in said second conductivity-type contact layer was formed, 
on said light transmission nature electrode, It considers as the manufacture method of a gallium 
nitride system compound semiconductor light emitting device including the production process 
which etches to the depth which reaches said luminous layer from said second conductivity-type 
contact layer side using said mask. Thereby, the short circuit of the first conductivity-type 
contact layer and the second conductivity-type contact layer by the invasion of an electrode 
material to a crevice in a light transmission nature electrode formation production process can 
be prevented, and formation of the light transmission nature electrode which has a hole 
corresponding to a crevice can be simplified. 

[0018] The production process into which the first conductivity-type contact layer and luminous 
layer which invention according to claim 5 becomes from a gallium nitride system compound 
semiconductor, and the second conductivity-type contact layer are grown up, It is the 
manufacture method of a gallium nitride system compound semiconductor light emitting device 
including the production process at which the surface of said first conductivity-type contact 
layer is exposed, and the production process which forms an electrode on this exposed first 
conductivity-type contact layer. Furthermore, the production process which forms a light 
transmission nature electrode on said second conductivity-type contact layer, The production 
process which forms the mask in which the pattern which has a opening for forming the crevice 
which becomes depressed from said light transmission nature electrode side in said second 
conductivity-type contact layer was formed, on said light transmission nature electrode, The 
production process which performs said etching including the production process which etches 
to the depth which reaches said luminous layer from said second conductivity-type contact layer 
side using said mask It considers as the manufacture method of the gallium nitride system 
compound semiconductor light emitting device characterized by carrying out at the same 
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production process as the production process at which the surface of said first conductivity- 
type contact layer is exposed. It can carry out simple, without adding a new production process 
for crevice formation by performing formation of a crevice at the same production process as 
the production process of etching for exposing the first conductivity-type contact layer. 
[0019] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. 
[0020] Drawing 1 is the drawing of longitudinal section showing the structure of the gallium 
nitride system compound semiconductor light emitting device concerning the gestalt of 1 
operation of this invention. 

[0021] In drawing 1 , a gallium nitride system compound semiconductor light emitting device is 
the structure where the laminating of a buffer layer 2, n mold contact layer 3 which consists of 
GaN, the luminous layer 4 which consists of InGaN, p mold cladding layer 5 which consists of 
AIGaN, and the p mold contact layer 6 which consists of GaN was carried out to order on the 
substrate 1 which consists of sapphire. In addition, in the gestalt of this operation, the first 
conductivity type and p mold are used as the second conductivity type for n mold. 
[0022] furthermore, p mold contact layer 6 top — the light transmission nature electrode 7 is 
mostly formed in the whole surface, and the p lateral electrode 8 for wirebonding is formed on 
the light transmission nature electrode 7. On the other hand, the n lateral electrode 9 is formed 
in the surface of n mold contact layer 3 exposed by etching by Fukashi who reaches n mold 
contact layer 3 from the surface of p mold contact layer 6. 

[0023] And two or more crevices 1 1 which become depressed toward a luminous layer 4 from 
the light transmission nature electrode 7 side are formed in p mold contact layer 6. This crevice 
1 1 pierces through the light transmission nature electrode 7, and is formed by Fukashi who 
reaches n mold contact layer 3 from p mold contact layer 6. Furthermore, the inside of a crevice 
11 and the surface of the light transmission nature electrode 7 are covered with the insulating 
membrane formation 10. 

[0024] In the gallium nitride system compound semiconductor light emitting device of the above- 
mentioned configuration, to the p lateral electrode 8, if negative voltage is impressed to the n 
lateral electrode 9, respectively, positive voltage From n mold contact layer 3 in which the 
electron hole used n mold cladding layer also [ layer ], and was formed from p mold cladding 
layer 5, an electron is poured into a luminous layer 4 through p mold contact layer 6, 
respectively. The light which has the energy corresponding to the band gap of a luminous layer 4 
by the recombination of these electron holes and electrons is emitted from a luminous layer 4. 
[0025] Although the light which goes upwards among the light emitted from the luminous layer 4 
is taken out through the light transmission nature electrode 7 in the light emitting device exterior 
when it is the conventional light emitting device structure where the crevice 1 1 is not formed 
After decreasing a part of [ other ] light by absorption to the p mold cladding layer 5 and p mold 
contact layer 6 interior which spreads the interior of a light emitting device to a longitudinal 
direction, and consists of a gallium nitride system compound semiconductor etc., they will be 
taken out from the side of a light emitting device in the light emitting device exterior. 
[0026] On the other hand, since attenuation by the absorption at the time of light spreading the 
interior of a light emitting device etc. is reduced while the light spread to a longitudinal direction 
among the light emitted from a luminous layer 4 becomes that it is easy to be taken out from a 
crevice 1 1 in the light emitting device exterior in the case of the light emitting device structure 
in the gestalt of this operation, the optical ejection effectiveness to the light emitting device 
exterior can be raised as a whole. Furthermore, by covering the inside of a crevice 1 1 with the 
insulating film 10 which has a refractive index between the refractive index of a gallium nitride 
system compound semiconductor, and the refractive index of the closure resin which closes this, 
or a closure ambient atmosphere, the difference between the refractive index of a gallium nitride 
system compound semiconductor and a refractive index with the resin which closes this is 
eased, and it becomes possible to raise further the optical ejection effectiveness to the light 
emitting device exterior. 

[0027] Moreover, it enables it to take out a crevice 1 1 from the whole contact layer in which the 
crevice 1 1 was formed in the light which spreads the interior of a light emitting device in a 
longitudinal direction as the depth which reaches n mold contact layer 3 from p mold contact 
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layer 6.. In addition, what is necessary is just to let it be the degree reaching, immediately near 5, 
for example, p mold cladding layer, of a luminous layer 4, although the depth of this crevice 1 1 
does not necessarily need to reach the degree 4 from which the light which spreads the interior 
of a light emitting device to a longitudinal direction is taken out by reaching, i.e., a luminous layer. 

[0028] As for especially the depth of this crevice 1 1, it is more desirable to consider as the 
depth which reaches a luminous layer 4. For example, it is because it becomes possible to take 
out light more efficiently than a crevice 1 1 when it considers as the depth of the degree which is 
easy to spread light focusing on the luminous layer 4 with a comparatively small refractive index, 
and reaches the luminous layer 4 when inserting the luminous layer 4 which consists of InGaN by 
n mold contact layer 3 which consists of high GaN and high AIGaN of a refractive index, and p 
mold cladding layer 5 and making it into double hetero structure like [ this ] the gestalt of this 
operation. 

[0029] Furthermore, it is desirable to form a taper so that it may become thin as the medial 
surface of a crevice 1 1 progresses in the depth direction (direction which goes to a luminous 
layer 4 side from the light transmission nature electrode 7 side). While the light which carried out 
outgoing radiation from the side of a crevice 1 1 reflects in the side wall of the crevice 1 1 with 
this taper by this, it is led to the crevice 1 1 upper part, and it becomes that it is easy to be 
taken out in the light emitting device exterior. 

[0030] Here, drawing 2 is the plan of the gallium nitride system compound semiconductor light 
emitting device shown in drawing 1 . As shown in drawing 2 , two or more crevices 1 1 are formed 
in the field of the light transmission nature electrode 7 of p mold contact layer 6 mostly formed 
in the whole surface. 

[0031] the current poured into the p lateral electrode 8 from the p lateral electrode 8 in positive 
voltage at it when negative voltage was impressed to the n lateral electrode 9, respectively — 
the light transmission nature electrode 7 — it is mostly poured into the whole through breadth 
and p mold contact layer 6 to a luminous layer 4. The light emitted from the lower part of the 
light transmission nature electrode 7 among the light from the luminous layer 4 emitted by this is 
taken out through the light transmission nature electrode 7 in the light emitting device exterior, 
and in case the part passes the light transmission nature electrode 7, it is absorbed in part and 
decreased. On the other hand, since the light transmission nature electrode 7 does not exist in 
the field in which the crevice 1 1 was formed, the light taken out from a crevice 1 1 in the light 
emitting device exterior is taken out, without not being absorbed with the light transmission 
nature electrode 7, and decreasing. 

[0032] Although the magnitude of the opening of a crevice 1 1 is based also on the number which 
forms a crevice 1 1, since the area of the light transmission nature electrode 7 will become small 
in connection with it if a opening is enlarged, the current density poured in to a luminous layer 4 
becomes high. On the other hand, since formation of a opening will become difficult if a opening 
is made small, it is hard coming to control the depth of a crevice 11. Therefore, although a 
suitable range exists in the magnitude and the number of the openings of a crevice 1 1 When light 
emitting device size is set to abbreviation 350micrometerx350micrometer according to this 
invention persons' knowledge. Magnitude of the opening of a crevice 1 1 is made into the range of 
0.5micrometerphi to 5 micrometerphi, and when adjusting the number of a crevice 1 1 so that the 
gross area may serve as 0.1 to 50% of range of the area of the light transmission nature 
electrode 7, improvement in optical ejection effectiveness is accepted notably. 
[0033] Next, it explains, referring to a drawing about the manufacturing process of the gallium 
nitride system compound semiconductor light emitting device concerning the gestalt of this 
operation. 

[0034] Drawin g 3 to drawing 5 is the drawing of longitudinal section showing the manufacturing 
process of the gallium nitride system compound semiconductor element shown in drawing 1 . In 
addition, in the gestalt of this operation, although the manufacturing process in the element 
condition divided in the shape of a chip is explained, in an actual manufacturing process, each 
production process is carried out in the state of the wafer with which the light emitting device 
shown in a drawing was arranged two-dimensional. 
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[0035] As shown in drawin g 3 , after first preparing the wafer into which the buffer layer 2 and n 
mold contact layer 3 which consist of a gallium nitride system compound semiconductor by 
metal-organic chemical vapor deposition, the luminous layer 4, p mold cladding layer 5, and p 
mold contact layer 6 were grown up in order on the substrate 1 which consists of sapphire, the 
light transmission nature electrode 7 is formed on p mold contact layer 6 using vacuum 
deposition and the photolithography method. 

[0036] Next, the insulator layer 21 which consists of Si02 with a heat CVD method is made to 
deposit on the light transmission nature electrode 7 and exposed p mold contact layer 6, as 
shown in drawing 4 . Furthermore, the photolithography method is used for this insulator layer 
21 , the space 1 3 for exposing a part of two or more hole 1 2 for forming two or more crevices 1 1 
in the light transmission nature electrode 7 and surface of n mold contact layer 3 is formed, and 
it considers as the mask for the next etching. 

[0037] Using this mask, by etching until it reaches n mold contact layer 3 from the surface side 
of exposed p mold contact layer 6, as shown in drawing 5 , while exposing the surface of n mold 
contact layer 3, by reactive ion etching etc., a crevice 1 1 is formed to the depth which reaches n 
mold contact layer 3 from the hole 12 formed on the light transmission nature electrode 7. 
[0038] Then, etching is made to remove a part of insulator layer 21 on the light transmission 
nature electrode 7, and the p lateral electrode 8 and the n lateral electrode 9 are formed by 
vacuum deposition and the photolithography method, respectively on the surface of the exposed 
light transmission nature electrode 7, and the surface of exposed n mold contact layer 3. 
Furthermore, the insulating film 10 which consists of Si02 grade which covers the inside of the 
light transmission nature electrode 7 and a crevice 1 1 with a heat CVD method and the 
photolithography method is formed. And the gallium nitride system compound light emitting 
device shown in drawing 1 is obtained by dissociating in the shape of a chip by dicing or the 
scribe. 
[0039] 

[Example] Hereafter, it explains, referring to a drawing about the example of the manufacture 
method of the gallium nitride system compound semiconductor light emitting device of this 
invention. In the following examples, although metal-organic chemical vapor deposition is used as 
the growth method of a gallium nitride system compound semiconductor, it is also possible for 
the growth method not to be limited to this and to use a molecular beam epitaxy method, an 
organic metal molecular beam epitaxy method, etc. 

[0040] (Example) After laying first the substrate 1 of the sapphire with which the mirror plane 
was made to the surface in the substrate electrode holder in a coil, dirt and moisture, such as 
the organic substance which has adhered hydrogen gas to the surface of a substrate 1 by 
heating a substrate with a sink, were removed by keeping the skin temperature of a substrate 1 
at 1000 degrees C for 10 minutes. 

[0041] Next, the skin temperature of a substrate 1 was dropped even at 550 degrees C, and the 
buffer layer 2 which consists the nitrogen gas as main carrier gas, ammonia, and the carrier gas 
containing TMA for TMA of AIN with a sink was grown up by the thickness of 25nm. 
[0042] Then, after stopping the carrier gas of TMA and carrying out a temperature up to 1050 
degrees C, the carrier gas for TMG which newly contains TMG for the nitrogen gas and hydrogen 
gas as main carrier gas with a sink, and SiH4 gas were passed, and n mold contact layer 3 which 
consists of GaN which doped Si was grown up by the thickness of 2 micrometers. 
[0043] After growing up n mold contact layer 3, the carrier gas for TMG and SiH4 gas were 
stopped, substrate 1 temperature was dropped even at 750 degrees C, and the luminous layer 4 
of the single quantum well structure which consists a sink, and the carrier gas for TMG and the 
carrier gas containing TMI for TMI of In0.2Ga0.8N of undoping with a sink in the nitrogen gas as 
main carrier gas was newly grown up by the thickness of 3nm in 750 degrees C. 
[0044] GaN of undoping which does not illustrate the carrier gas for TMI succeedingly while a 
stop and the carrier gas for TMG are turned to 1050 degrees C with a sink and carry out a 
temperature up for substrate 1 temperature was grown up by the thickness of 4nm after growing 
up a luminous layer 4. When substrate 1 temperature amounted to 1050 degrees C, p mold 
cladding layer 5 which newly consists the nitrogen gas as main carrier gas, hydrogen gas, the 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejue 



2004/01/30 



THIS PAGE BLANK (uspto) 



carrier gas for TMA, and the carrier gas containing Cp2Mg for Cp2Mg of aluminumO.15GaO.85N 
which made Mg dope with a sink was grown up by the thickness of 0.1 micrometers. 
[0045] p mold contact layer 6 which consists the carrier gas for TMG of a stop and GaN which 
made Mg dope succeedingly was grown up by the thickness of 0.1 micrometers after growing up 
p mold cladding layer 5. 

[0046] The wafer with which even the room temperature degree was made to cool the 
temperature of a substrate 1 with a sink as it is, and the laminating of the gallium nitride system 
compound semiconductor was carried out [ ammonia / a stop, the main carrier gas, and ] on the 
substrate 1 in the carrier gas for TMG and the carrier gas for Cp2Mg was picked out from the 
coil after growing up p mold contact layer 6. 

[0047] Thus, after carrying out the laminating of nickel (nickel) and the gold (Au) by the 
thickness of 5nm with vacuum deposition on the surface on the whole surface to the laminated 
structure of the buffer layer 2 and n mold contact layer 3 which consist of a formed gallium 
nitride system compound semiconductor, a luminous layer 4, p mold cladding layer 5, and p mold 
contact layer 6, respectively, the light transmission nature electrode 7 was formed by the 
photolithography method and the wet etching method. 

[0048] The insulator layer 21 which consists of Si02 with a heat CVD method is made to deposit 
by the thickness of 0.5 micrometers on the light transmission nature electrode 7 and exposed p 
mold contact layer 6. Then, by the photolithography method and the reactive-ion-etching 
method While forming two or more holes 12 and space 13 in the insulator layer 21 and forming 
two or more crevices 1 1 in the light transmission nature electrode 7, the mask which consists of 
an insulator layer 21 for exposing a part of surface of p mold contact layer 6 was formed. Here, it 
presupposed that it is circular and the hole 12 has been arranged in a grid pattern at intervals of 
10 micrometers except for the field with a opening diameter of about 2 micrometers which forms 
the p lateral electrode 5 (pad electrode) behind. 

[0049] By next, the reactive-ion-etching method using chlorine-based gas using the above- 
mentioned mask While removing p mold contact layer 6, p mold cladding layer 5, and a luminous 
layer 4 from the surface side of exposed p mold contact layer 6 in a depth of about 0.3 
micrometers and exposing the surface of n mold contact layer 3 From the hole 12 formed in the 
insulator layer 21 on the light transmission nature electrode 7, the light transmission nature 
electrode 7, p mold contact layer 6, p mold cladding layer 5, and the luminous layer 4 were 
etched, and the crevice 1 1 of the depth which reaches n mold contact layer 3 was formed. The 
crevice 1 1 was formed as a cavity whose path of about 2 micrometers and a pars basilaris ossis 
occipitalis the aperture of a opening is about 1 micrometer. 

[0050] Then, the insulator layer 21 was removed by the wet etching method, by vacuum 
deposition and the photolithography method, the field in which the crevice 1 1 on the surface of 
the light transmission nature electrode 7 is not formed, and on the surface of exposed n mold 
contact layer 3, the laminating of the titanium (Ti) of 0.1 -micrometer thickness and the Au of 
0.5-micrometer thickness was carried out, and the p lateral electrode 8 and the n lateral 
electrode 9 were once formed, respectively. Furthermore, the insulating film 10 which consists of 
Si02 of 0.2-micrometer thickness which covers the surface of the light transmission nature 
electrode 7 and the inside of a crevice 1 1 by the heat CVD method and the photolithography 
method was formed. 

[0051] Then, the rear face of the substrate 1 of sapphire was ground, it was made thin and the 
scribe separated into about 100 micrometers in the shape of a chip. After turning the electrode 
forming face side upward and pasting up this chip on a stem, the resin mold of the p lateral 
electrode 8 and the n lateral electrode 9 of a chip was connected and carried out to the 
electrode on a stem with the wire, respectively, and light emitting diode was produced. 
[0052] When this light emitting diode was driven by 20mA forward current, light was emitted in 
blue with a peak wavelength of 470nm. The radiant power output at this time was 2.0mW, and 
forward direction operating voltage was 3.5V. 

[0053] In addition, although the light transmission nature electrode 7 of a crevice 1 1 was 
removed by the reactive-ion-etching method at this example at the same production process as 
the laminated structure which consists of a gallium nitride system compound semiconductor 
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when forming a crevice 1 1, the light transmission nature electrode 7 of a crevice 1 1 may be 
removed independently in advance. For example, when carrying out wet etching of the laminating 
of nickel and Au formed all over the wafer and carrying out patterning of the light transmission 
nature electrode 7, the light transmission nature electrode 7 of a crevice 1 1 can also be 
removed to coincidence. 

[0054] Moreover, in this example, although the configuration of the opening of a crevice 1 1 was 
made circular, it is not limited to this and the configuration of arbitration can be taken in the 
range which does not have trouble in formation of a crevice 11. 

[0055] (Example of a comparison) The gallium nitride system compound semiconductor light 
emitting device which does not form a crevice 1 1 for the comparison with the above-mentioned 
example was produced. 

[0056] In the above-mentioned example, specifically by the were using light transmission nature 
electrode 7 by insulator layer 21, and using chlorine-based gas reactive-ion-etching method in a 
whole surface ****** condition, without forming a hole 12 in the insulator layer 21 on the light 
transmission nature electrode 7 From the surface side of exposed p mold contact layer 6, p mold 
contact layer 6, p mold cladding layer 5, and the luminous layer 4 were removed in a depth of 
about 0.3 micrometers, and the surface of n mold contact layer 3 was exposed. Others produced 
light emitting diode with the same procedure as an example. Although peak wavelength and 
forward direction operating voltage were the same as that of an example when this light emitting 
diode was driven by 20mA forward current, the radiant power output was as low as 1.2mW. 
[0057] 

[Effect of the Invention] by forming two or more crevices which become depressed from a light 
transmission nature electrode side in the contact layer in which a light transmission nature 
electrode is formed according to this invention as mentioned above, since the light which goes to 
a longitudinal direction among the light emitted from the luminous layer is taken out from a 
crevice in the light emitting device exterior, optical ejection effectiveness improves as a whole, 
and the luminous efficiency of a gallium nitride system compound semiconductor light emitting 
device can be boiled markedly, and can be raised. 

[0058] Moreover, since crevice formation can be performed simple, without newly adding the 
production process for crevice formation by performing formation of a crevice at the same 
production process as the production process of etching for exposing the first conductivity-type 
contact layer, the manufacture method of the gallium nitride system compound semiconductor 
light emitting device which can raise luminous efficiency only by minute production process 
modification called modification of a mask pattern can be offered. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DrawingJ] The drawing of longitudinal section showing the structure of the gallium nitride 
system compound semiconductor light emitting device concerning the gestalt of 1 operation of 
this invention 

[Drawing 2] The plan of the gallium nitride system compound semiconductor light emitting device 
shown in drawing 1 

[Drawin g 3] The drawing of longitudinal section showing the manufacturing process of the gallium 

nitride system compound semiconductor light emitting device shown in drawing 1 

[Dr aw ing 4] The drawing of longitudinal section showing the manufacturing process of the gallium 

nitride system compound semiconductor light emitting device shown in drawing 1 

[Drayying 5] The drawing of longitudinal section showing the manufacturing process of the gallium 

nitride system compound semiconductor light emitting device shown in drawing 1 

[Description of Notations] 

1 Substrate < 

2 Buffer Layer 

3 N Mold Contact Layer 

4 Luminous Layer 

5 P Mold Cladding Layer 

6 P Mold Contact Layer 

7 Light Transmission Nature Electrode 

8 P Lateral Electrode 

9 N Lateral Electrode 

10 Insulating Film 

1 1 Crevice 
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DRAWINGS 



[Drawing 1 ] 




[Drawing 2] 

8 10 11 7 




[Drawing 4] 
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